Due to small numbers of reported patients with pathogenic variants in single genes, the phenotypic spectrum associated with genes causing neurodevelopmental disorders such as intellectual disability (ID) and autism spectrum disorder is expanding. Among these genes is KLF7
(Krüppel-like factor 7), which is located at 2q33.3 and has been implicated in several developmental processes. KLF7 has been proposed to be a candidate gene for the phenotype of autism features seen in patients with a 2q33.3q34 deletion. Herein, we report 4 unrelated individuals with de novo KLF7 missense variants who share similar clinical features of developmental delay/ID, hypotonia, feeding/swallowing issues, psychiatric features and neuromuscular symptoms, and add to the knowledge about the phenotypic spectrum associated with KLF7 haploinsufficiency.
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| INTRODUCTION
De novo genetic/genomic variants are increasingly acknowledged as a significant etiology of neurodevelopmental disorders such as intellectual disability (ID) and autism spectrum disorder (ASD). [1] [2] [3] For genetically heterogeneous disorders such as developmental delay (DD) and ID, diagnostic-exome sequencing (DES) can identify a genetic etiology in up to 30% of cases when traditional genetic testing is inconclusive. 4 During the past decade, substantial advancements have been made in elucidating the genetic causes of neurodevelopmental disorders. However, over half of individuals with neurodevelopmental disorders still do not have an identified genetic etiology. 5, 6 KLF7 (Krüppel-like factor 7, OMIM 604865), encodes a transcription factor belonging to the KLF family characterized by the presence of zinc coordinating (Zn) di-cysteine: di-histidine motif (C2H2) and sequence homology to the Drosophila segmentation gene product Krüppel. 7 KLF7 has been implicated in several developmental processes and may be involved in the regulation of postmitotic differentiation of progenitor cells, neuronal morphogenesis, and/or phenotype maintenance. 8 Emerging evidence suggests that KLF7 haploinsufficiency results in a recognizable neurodevelopmental phenotype. Located at 2q33.3, KLF7 has been proposed to be one of the possible candidate genes for the phenotype associated to the 2q33.3q34 deletion which has been reported in patients with ASD. [9] [10] [11] [12] Additionally, these patients present with microcephaly, hypotonia, psychomotor retardation and mild dysmorphic features.
Herein, we report 4 unrelated affected individuals with de novo missense variants in KLF7 detected by DES with of DD/ID, neuromuscular and psychiatric complications.
| Clinical report
Clinical characteristics of the 4 patients are summarized in Table 1 .
1.1. 
| Patient 4
Patient 4 is a 2 years and 4 months old male with global DD and hypotonia. ID has not been assessed formally, but he spoke his first words at 2 years of age and walked independently at 26 months. He also has hypertelorism. Family history was non-contributory. Prior normal testing included normal metabolic testing and SNP array.
| METHODS

| Exome sequencing
For all patients, trio whole-exome sequencing was performed with proband and both biological parents on genomic DNA isolated from reported. 4 For patient 2, DES was performed at GeneDx Laboratory with methods as previously reported. 13 For patients 3 and 4 exome sequencing and variant calling, a parent-offspring trio approach was used as described previously. 3 Briefly, the exome was captured using the Agilent SureSelect v4 kit (Agilent, Santa Clara, California). Exome libraries were sequenced on an Illumina HiSeq2000 instrument (Illumina) with 101 bp paired-end reads at a median coverage of ×75. Sequence reads were aligned to the hg19 reference genome using BWA version 0.5.9-r16. 14 Variants were subsequently called by the GATK unified genotyper, version 3.2-2 and annotated using a custom diagnostic annotation pipeline. 15 All variants were classified utilizing ACMG standards and guidelines. 16 Informed consent was obtained from all patients and family members undergoing sequencing. All research described in this case report was conducted in accordance with the World Medical Associa- was collected during the routine clinical care of a patient and this study is exempt from Institutional Research Board approval. All subjects participating in this study provided signed, written consent allowing for the publication of their clinical photographs and/or data.
In the case of minors, signed written consent was provided by their parents or legal guardians.
Individuals were identified through GeneMatcher. 17 
| Structural analysis
The structure of KLF7 with bound DNA was modeled based on the crystal structure of KLF4 bound to DNA (PDB: 4M9E). 18 The Zinc finger domains of KLF4 and KLF7 share 73% identity, with 100% conservation observed at DNA interacting residues. The program Coot 19 was used to change the amino acids that differed between the sequences of KLF4 and KLF7, most of which were solvent-exposed, and reasonable sidechain rotamers were chosen manually. In silico mutagenesis of Asp 264 to Asn was carried out using FoldX. 20 Model graphics were generated using Pymol (The PyMOL Molecular Graphics System, Version 1.7.1 Schrödinger, LLC.). Motifs were identified using the web server ELM. 21 Disorder was predicted by IUPRED and GlobPlot. 22 Low sequence complexity was predicted by SMART.
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| RESULTS
We report patients from 4 unrelated families with a similar phenotype found to have probably gene damaging de novo variants in
KLF7.
The genotypes and analysis of the variants are presented in 
| DISCUSSION
We report patients from 4 unrelated families with a similar phenotype found to have probably gene damaging de novo variants in KLF7.
Among the 3 different de novo missense variants identified in our cohort, there is one heterozygote with the p.T137M in GnomAD, and one heterozygote with p.P139L (a different substitution at same residue) in GnomAD. 25 An additional female patient with ID was reported through ClinVar, carrying the same de novo variant as our patient 2 - The variability between the 2 patients within our cohort with the same variant may either be explained by the lack of phenotype/ genotype connection within KLF7 or the young age of the patient.
Further chronological study of the patients within this cohort and the discovery of additional patients may be helpful in elucidating this construct.
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| CONCLUSION
